ROTATIONAL MOTION [JEE ADVANCED PREVIOUS YEAR SOLVED PAPERS]

JEE Advanced
Single Correct Answer Type 2. Two point masses of 0.3 kg and 0.7 kg are fixed at the ends
o | o of arod of length 1.4 m and of negligible mass. The rod is
1. A Li'ur? c::rc_u]ar ring of mass M and radius r is rotating about sct rotating about an axis perpendicular to its length with
its axis with a constant angular velocity @. Two objects, a uniform angular speed. The point on the rod through
each of mass m, are atlaa:ched gently to the opposite ends which the axis should pass in order that the work required
of the diameter of the ring. The wheel now rotates with for rotation of the rod is minimum is located at a distance
an angular velocity of
M (M- 2m) 042mf S
" b. a. 0.42 m from the mass of 0.3 kg
(M+m) (M+2m) b. 0.70 m from the mass of 0.7 kg
. 0.98 m from the mass of 0.3 k
oM XM+ 2m) € g
¢ M+ ) d. 074 (IIT-JEE 1983) d. 0.98 m from the mass of 0.7 kg (HITJEE 1995)
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3. A mass m is moving with a constant velocity along a line
parallel to the x-axis, away from the origin. Its angular
momentum with respect to the origin
a. Is zero b. remains constant
C. goes on increasing d. goes on decreasing

(ITT-JEE 1997)

4. A smooth sphere A is moving on a frictionless horizontal
plane with angular speed @ and @, respectively. Then
a. W< b. w =w
4 B "

. ® =w d. W =0 (IIT-JEE 1999)

S. Adiscof mass M and radius R is rolling with angular speed
@on a horizontal plane as shown in figure. The magnitude
of angular momentum of the disc about the origin O is

V&
M
A >
.{.9 - |
a. (12 MR'w b. MR w

c. (32) MR o d. 2 M (IIT-JEE 1999)

6. A cubical block of side a is moving with velocity ¥ on a
horizontal smooth plane as shown in tigure. It hits a rdge
at point O. The angular speed of the block after it hits O

1S
— a—»p
M o
I v

4. —— . ——

da 2a
. M3V d. zero (IT-JEE 1999)

v2a

7. A long horizontal rod has a bead which can slide along
its length and initialiy placed at a distance L from one
end A of the rod. The rod is set in angular motion about
A with constant angular acceleration a. If the coefficient
of friction between the rod and the bead is u, and gravity
Is neglected, then the time after which the bead starts

slipping 1s
o

*9 M N A
|
U U

a. i3 | R, 20
\!ﬂ' vE

C; l__ d. infinitesimal
VHC (I1T-JEE 2000)
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8. Acubical block of side L rests on a rough horizontal surface
with coefficient of friction sufficiently high so that the

block does not slide before toppling;

required to topple the block is

the minimum force

M L
1 — 1y
a. infinitesimal b. mg 4
¢. mg/2 d. mg(1-u) (IIT-JEE 2000)

9. A thin wire of length L and uniform linear mass density
p is bent into a circular loop with centre at O as shown.
The moment of inertia of the loop about the axis XX’ is

-F’V

A —~
90° ,
!
0O
KLF n.Li
a. — Pl
8t 161
;} i .1
¢ ;71:{.1 d. 3———-rL e
61 8r

(ITT-JEE 2000)

10. An equilateral triangle ABC formed from a uniform wire

11.

has two small identical beads initially
located at A. The triangle is set
rotating about the vertical axis AO.
Then the beads are released from rest
simultaneously and allowed to slide
down, one along AB and the other
along AC as shown. Neglecting
trictional effects, the quantities that

b
.4l
/N

are conserved as the beads slide down are

a. angular velocity and total energy (kinetic and potential)
b. total angular momentum and total energy

¢. angular velocity and moment of inertia about the axis

of rotation

d. total angular momentum and moment of inertia about

the axis of rotation

(IT'T-JEE 2000)

One quarter sector is cut from a uniform circular disc of

radius R. This sector has mass M. It
Is made o rotate about a line
perpendicular to its plane and
passing through the centre of the
onginal disc. Its moment of inertia
about the axis of rotation is

a. & MR° b. } MR’

¢. § MR’ d. VI MR’

&

(IIT-JEE 2001)
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12.

13.

A cylinder rolls up an inclined plane, reaches some height
and then rolls down (without slipping throughout these
motions). The directions of the frictional force acting on
the cylinder are
a. up the incline while ascending and down the incline
while descending
b. up the incline while ascending as well as descending
¢. down the incline while ascending and up the incline
while descending
d. down the incline while ascending as well as descending
(IIT-JEE 2002)

A circular platform is free to rotate in a horizontal plane
about a vertical axis passing through its centre. A tortoise
Is sitting at the edge of the platform. Now, the platform
1S given an angular velocity @ . When the tortoise moves
along a chord of the platform with a constant velocity (with
respect to the platform), the angular velocity of the platform
axt) will vary with time ¢ as

a. b.
win? win?t
W, . w, L/"‘\
— 5 >
! !
¢ d.
m{r}‘ m(ﬂ'}“’.h

fu“ /\

Wn\_//
> -
! f

(IIT-JEE 2002)

14. Consider a body. shown in figure, consisting of two

15.

'dentical balls, each of mass M connected by a light rigid
rod. If an impulse J = MV is imparted to the body at one
of its ends. what would be its angular velocity?

i L
T
J=MV
V 2 V
a. I h; T
c. 57 d. 3"15 (IIT-JEE 2003)

A particle undergoes uniform circular motion. About
which point on the plane of the circle, will the angular
momentum of the particle remain conserved?

a. Centre of the circle

b. On the circumference of the circle
¢. Inside the circle

d. Outside the circle

(IIT-JEE 2003)
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16.

17. A disc is rolling without

19.

20.

21.

A horizontal circular plate is rotating about a vertcal axis
passing through its centre with an angular velocity @.A
man sitting at the centre having two biocks 1n his hands
stretches out his hands so that the moment of inertia of
the system doubles. If the kinetic energy of the system is
K inually. its final kinetic energy will be
a. 2K b. K/2 c. K d. A/4
(ITT-JEE 2004)

slipping with angular
velocity @. P and Q are
two points equidistant from
the centre C. The order of
magnitude of velocity is

a.lb}I;}l; b.lpbl}ﬁlﬂ
C. Vg: Vil a=V. 12 d. V <V - I;,

(IIT-JEE 2004)
A block of mass m is at rest under the action of F against

the wall as shown in figure. .=
Which of the following statement =i
IS incorrect”? '
a. [=mg[where fisthe friction

force)
b. F=N|where Nisthe normal -

force] -
¢. F will not produce torque
d. N will not produce torque

From a circular disc of radius
R and mass 9M, a small disc
of radius R/3 is removed
from the disc. The moment of
inertia of the remaining disc
about an axis perpendicular
to the plane of the disc and
passing through O is

a. 4MR’ b. % MR?
c. 10MR’ d. % MR’ (IIT-JEE 2005)
A particle is confined to rotate in a circular path decreasing

linear speed, which of the following is correct?

a. [ (angular momentum) is conserved about the centre
b. Only direction of angular momentum 7 is conserved
¢. It spirals towards the centre
d

. Its acceleration is towards the centre
(IIT-JEE 2005)

A solid sphere of mass M and radius R having moment
of inertia / about its diameter is recast into a solid disc
of radius r and thickness 1. The moment of inertia of the
disc about an axis passing the edge and perpendicular to
the plane remains /. Then R and r are related as

=
paal
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22,

24.

1-
-
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2 ]
a. r= \! 3 R b. r= \T::: R
2 2
C. I'= ]-5 R d. r= ‘Tg R {“T-JEE 2“'06]'

A small object of uniform density
rolls up a curved surface with an
inmual velocity v. It reaches up to
a maximum height of 31"/4g with
respect to the initial position. The
object 1s a

a. ring

¢. hollow sphere

b. sohd sphere
d. disc
(II'T-JEE 2007)

It the resultant of all the external forces acting on a system
of particles is zero. then from an inertial frame. one can
surely say that
a. linear momentum of the system does not change in
time
b. Kinetic energy of the system does not change in time
¢. angular momentum of the system does not change in
ume
d. potential energy of the system does not change in time
(HT-JEE 2009)

A block of base 10 ¢cm x 10 cm and height 15 ¢cm is kept
on an inchined plane. The coefficient of friction between
them is 3. The inclination 6 of this inclined plane from
the horizontal plane is gradually increased from 0°. Then
[OCm,

i
FBD at just toppling condition

a. at = 30°, the block will start sliding down the plane

b. the block will remain at rest on the plane up to certain
6 and then it will topple

¢. at 8=60° the block will start sliding down the plane
and continue to do so at higher angles

d. at 8=60°. the block will start sliding down the plane
and on further increasing 6. it will topple at certain 6

(IIT-JEE 2009)

A thin uniform rod. pivoted at O. is rotating in the

horizontal plane with constant angular speed ®, as shown

in the fhigure. At ume 7 = 0, a small insect starts from O

and moves with constant speed v

with respect to the rod towards [

the other end. It reaches the end

of the rod at r = T and stops. The

angular speed of the system

remains @ throughout. The

magnitude of the torque (7) on

the system about O, as a function

of time 1s best represented by which plot?

\ — -

26.

& :l
o J
U VA
a. b ¢ r o
3 3
It
I
0 - > | -
C. /
(ITT-JEE 2012)
A small mass m is attached to a massless 2
string whose other end is fixed at P as
shown in the figure. The mass is under- P\
going circular motion in the x-v plane \
with centre at O and constant angular \
speed @. If the angular momentum of H\
P ﬂ m

the system, calculated about O and P are
denoted by [_:” and E,F respectively, then I
a. L, and L, do not vary with time.

b. L, varies with time while L, remains constant.

¢. L, remains constant while L, varies with time.

d. E” and f.:;. both vary with time.
(IIT-JEE 2012)

Two 1dentical discs of same radius R are rotating about
their axes in opposite directions with the same constant
angular speed @. The discs are in the same horizontal
plane. At time 1 = 0, the points P and Q are facing each
other as shown in the figure. The relative speed between
the two points P and Q is v . In one time period (T)
of rotation of the discs. v as a function of time is best

represented by
u.lllllllr- /—\
J

/\ :’i{ \

x\m {
7 ] 7
\ \,i_/ / R

a i) T
i
b. o 7!

=
paal
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28.

29.

1.
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c. © T
P
d. ©0 T

(IIT-JEE 2012)

Two solid cylinders P and Q of same mass and same

radius start rolling down a fixed inclined plane from the

same height at the same time. Cylinder P has most of its

mass concentrated near its surface, while Q has most of

Its mass concentrated near the axis. Which statement(s)

1s/are correct?

a. Both cylinders P and Q reach the ground at the same
time

b. Cylinder P has larger linear acceleration than cylinder
Q

¢. Bothcylinders reach the ground with same translational
Kinetic energy.

d. Cylinder Q reaches the ground with larger angular
speed. (II'T-JEE 2012)

A ring of mass M and radius R is rotating with angular
speed @ about a fixed vertical axis passing through its

. . M
centre O with two point masses each of mass o at rest

at 0. These masses can move radially outwards along two
massless rods fixed on the ring as shown in the figure. At

some instant the angular speed of the system is -:—m and

one of the masses is at a distance of %R from O. At this

instant the distance of the other mass from O is:

a ER b. —R C. -'-”—R d. iR
5 5
(JEE Advanced 2015)

Multiple Correct Answers Type

Two particies A and B, initially at rest, move towards each
other under a mutual force of attraction. At the instant
when the speed of A is V and the speed of B is 2V, the
speed of the centre of mass of the system is

2.

a. 3V b. V c. 1.5V d. zero

(II'T-JEE 1982)

A mass M is moving with a constant velocity parallel to the

x-axis. Its angular momentum with respect to the origin

a. Is zero b. remains constant

C. goes on Increasing d. goes on decreasing
(IIT-JEE 1995)

When a bicycle is in motion, the force of friction exerted

by the ground on the two wheels is such that it acts

a. 1n the backward direction on the front wheel and in
the forward direction on the rear wheel

b. in the forward direction on the front wheel and in the
backward direction on the rear wheel

c. in the backward direction on both the front and the
rear wheels

d. inthe forward direction on both the front and the rear

wheels (IIT-JEE 1990)
A particle of mass m is projected with a velocity V making
an angle of 45° with the horizontal. The magnitude of
angular momentum of the projectile about the point of
projection when the particle at its maximum height 4 is

1

my

a. zZero b. 4?5
c mv? d mV
?2? \-;Zghi

(IIT-JEE 1990)

The moment of inertia of a thin square plate ABCD,
see figure, of uniform thickness about an axis passing
through the centre O and perpendicular to the plane is

4
'I-1I _T "]
AL ! I L
‘1‘ 1 'r'
. |
“‘ : )
- - -I ----- Q- :-LT-: --------- .. 1
# i =
i. : LY
s’ ' -
D).~ e ~C
e I ‘2
a. | +1, b. 1+ 1,
c. II+IJ C. f|+ fz*a";*f_'

(IIT-JEE 1992)

A tube of length L is filled completely with an
incompressible liquid of mass M and closed at both the
ends. The tube is then rotated in a horizontal plane about
one of its ends with a uniform angular velocity w. The
force exerted by the liquid at the other end is

a. ﬂ"‘zi b. Mol
) Mar’L p MarL?
. _T . 4

(IIT-JEE 1992)

=
paal
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7.

10.

11.

12.
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A car i1s moving in a circular honzontal track of radius
10 m with a constant speed ot 10 my/s. A plumb bob v
suspended from the root ot the car by a hight nigid rod ot
length 1.00 m. The angle made by the rod with the track
1S

a. Zero b. 30" ¢c. 45 d. 60"

(IHIT-JEE 1992)

Let / be the moment of inertia of a umitorm square plate
about an axis AB that passes through its centre and 1s
parallel to two of its sides. CD is a line in the plane of
the plate that passes through the centre of the plate and
makes an angle 8 with AB. The moment of inertia of the
plate about the axis CD is then equal to
A i b. /sin" 8
¢. /cos @ d. /cos (6/2)

(IIT-JEE 1998)
The torque ton a body about a given point is found to be
equal 10 A x . where A is a constant vector, and L 1s the
angular momentum of the body about that point. FFrom
this it follows that
a. dL/dris perpendicular to L at all iastants of time
b. the component of L in the direction of A does not

change with time

¢. the magnitude of L does not change with time
d. L does not change with ime (IIT-JEE 1998)

A solid cylinder is rolling down a rough inclined plane ot

inclination 6. Then

a. the friction force 1s dissipative

b. the friction force is necessarily changing

¢. the fricton force will aid rotation but hinder translation
d. the friction torce is reduced 1f 818 reduced

(II'T-JEE 2006)
A small ball starts moving from A over a fixed track as
shown 1n the figure. Surface 4 .
AB has friction. From A to B
the ball rolls without slipping. 5, i

Surface BCis fnctionless. K.
K, and K are Kinetic energies
of the ball at A. B and C. B
respectively. Then

a. h‘ > h{ : ftﬂ ﬁr

b.i >h . K =K
{ { | A

e. N =R R =K d.h <h: K >K
(IIT-JEE 2006)

A sphere 1s rolling without slipping i :

on a fixed honzontal plane surface. In :

the figure, 4 is the point of contact, B }

1s the centre of the sphere and C s 1ts

topmost pomnt. Then, **

a, IL_—I*IZH-“B-I-LJ b.lt IH:I*H-II

C. l"{—ff'_41=2iﬂ .| d.El{ V | = 'I.g
(II'T-JEE 2009)

13.

14.

15.

x>

A thin ring of mass 2 kg and radius 0.5 m s rolling without
slipping on a horizontal plane with velocity | m/s. A small
ball of mass 0.1 kKg. moving with velocity 20 m/s in the
opposite direction. hits the ring at a height of 0.75 m and
voes verticaliv up with velocity 10 m/s. Immediately after
the collinion

: L4 § FE

*Omos
-.i..-...__-

. the ring has pure rotation about its stationan
the ring comes 1o a complete stop
{riction between the ring and the ground is to the lett
there 1s no friction between the ring and the ground
(II'T-JEE 2011)
Two spherical planets P and Q have the same uniform
density p. masses M and Mﬂ, and surtace areas A and 4A.
respectively. A spherical planet R also has umiform density
p and its mass is (M + Mu" The escape velocities from
the planets P, Q and R, are V . l'u and V . respectively.
Then

i r
a. Vﬂ}lk::- lP

apn e

b. 1-’H > 'r’u > l-’F

g [ — f ’ SR %
c. V.V, =3 d. V/V, =12

(IIT-JEE 2012)
The figure
shows a system
consisting of (1)
a ring of outer
radius 3R rolling
oK ans &
without shpping
on 4 horizontal
surtace with
angular speed @
and (i1) an inner
disc of radius
2R rotating anti-
clockwise with angular speed @¥2. The nng and disc are
separated by frictionless ball bearings. The system is in
the y=z plane. The point P on the inner disc 1s at distance
R from the origin, where OP makes an angled of 30” with
the horizontal. Then with respect to the horizontal surface.
a. The point O has a linear velocity 3Rw1
b. The point P has a linear velocity
= Rwi + ¥o Rwk
4 4

@'ﬁ www.studentbro.in
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¢. The point P has a linear velocity

13 - 3 -
— Rwi +£Rmk
4 4

d. The point P has a linear velocity

{3--‘?]%”}&:}& (ITT-JEE 2012)

16. In the figure, a ladder of mass m is shown leaning against
a wall. Itis in static equilibium making an angle 6 with
the horizontal floor. The coefficient of
friction between the wall and the ladder
1S M and that between the floor and the
ladder is ¢_. The normal reaction of the
wall on the ladder is N, and that of the
floor is N If the ladder is about to slip,
then
a. u =0 u,# 0 and N: tan 8= mg/2
b. u =0 u, =0 and Nl tan 6 = mg/2

C. 4 #0u #0andN, = s
: Ry
d. u =0pu, #0and N, tan 0= mg/2
) (JEE Advanced 2014)

Linked Comprehension Type

For Problems 1-3

Two discs A and B are mounted coaxially on a vertical axle. The
discs have moments of inertia / and 2/, respectively, about the
common axis. Disc A is imparted an initial angular velocity 2@
using the entire potential energy of a spring compressed by a
distance x . Disc B is imparted an angular velocity @by a spring
having the same spring constant and compressed by a distance
x,. Both the discs rotate in the clockwise direction.

(II'T-JEE 2007)
1. The ratio .::I!.r: 1S
a. 2 b. ZI,
c. V2 d. ?Ig

2. Whendisc B is brought in contact with disc A. they acquire
a common angular velocity in ime 7. The average frictional
torque on one disc by the other during this period is

a. g{r? b. 95:—”
C. E}?—’ d. g—@
3. The loss of kinetic energy during the above process is
a. %—"—t b. %‘[
C. L? d. ;%f
For Problems 4-6

A uniform thin cylindrical disc of mass M and radius R is
attached to two identical massless springs of spring constant k

which are fixed to the wall as shown in the figure. The springs
are attached to the axle of the disk symmetncally on either side
at a distance d from its centre. The axle is massless and both
the springs and the axle are in horizontal plane. The unstretched
length of each spring is L. The disc is imually at its equilibrium
position with its centre of mass (CM) at a distance L from the
wall. The disc rolls without slipping with velocity V,=V i.The
coefficient of friction is .
5

1

(IIT-JEE 2008)
4. The net external force acting on the disc when its centre
of mass is at displacement x with respect to its equilibrium

position is
a. - kx b. 2k
S. The centre of mass of the disc undergoes simple harmonic
motion with angular frequency  equal to
. M b. VM © iy 4 \3y

6. The maximum value of I-"ﬂ for which the disc will roll
without slipping is

—
a. ug ‘}.f b. ug V:ﬁt

—_
. ug\% d. ug {3

For Problems 7-8

The general motion of a rigid body can be considered 10 be a
combination of (i) a motion.... of its centre of mass about an
axis, and (i1) its motion about an instantaneous axis passing
through the centre of mass. These axes need not be stationary.
Consider, for example, a thin uniform disc welded (ngidly fixed)
horizontally at its rim to a massless stick, as shown in the figure.
When the disc-stick system is rotated about the origin on a
horizontal frictionless plane with angular speed @, the motion at
any instant can be taken as a combination of (i) a rotation of the
centre of mass of the disc about the z-axis. and (ii) a rotation of
the disc through an instantaneous vertical axis passing through
its centre of mass (as is seen from the changed orientation of
points P and Q). Both these motions have the same angular
speed @ in this case.

@ é’g www.studentbro.in




Now consider two similar systems as shown in the figure: case
(a) the disc with its face vertical and parallel to x—; plane: case
(b) the disc with its face making an angle of 45° with x—v plane
and 1ts honizontal diameter parallel to x-axis. In both the cases,
the disc i1s welded at point P, and the system are rotated with
constant angular speed @ about the z-axis.

rd F4
" 4
\""-.--"I:-I'J' el (D)

1/,
=° = ¥

P ¥ / P

Case (a) Case (b)

(IIT-JEE 2012)
Which of the following statements regarding the angular
speed about the instantaneous axis (passing through the
centre of mass) is correct’

a. ltis \Em for both the cases

0
b. Itis w for case (a): and ,J_; for case (b)

—

¢. Itis w force case (a): and \5 @ for case (b)
d. It is @ for both the cases

Which of the following statements about the instantaneous

axis (passing through the centre of mass) is correct?

a. Itis vertical for both the cases (a) and (b)

b. Itis vertical for case (a): and is at 457 1o the x-: plane
and hes in the plane of the disc for case (b)

¢. Its horizontal for case (a); and is at 45° to the x-:
plane and is normal to the plane of the disc for case (b)

d. Itis vertcal for case (a); and is at 457 to the x—: plane
and 1s normal to the plane of the disc for case (b)

Integer Answer Type

Get More Learning Materials Here : &

A boy is pushing a ring of mass Stick
2 kg and radius 0.5 m with a stick
as shown in the figure. The stick
applies a force of 2 N on the ring
and rolls 1t without slipping with
an acceleration of 0.3 m/s". The
coefficient of friction between J
the ground and the ring is large
enough that rolling always occurs
and the coefficient of friction between the stick and the
ring 1s (P/10). The value of P s [IIT-JEE 2011]

Four solid spheres each of diameter V5 ¢m and mass
0.5 kg are placed with their centers at the comers of a
square of side 4 cm. The moment of inertia of the system
about the diagonal of the square is N x 10 kg-m". then
Nis [IIT-JEE 2011]

Ground

<z

. A lamina 1s made by removing a small disc of diameter

2R from a bigger disc of uniform
mass density and radius 2R, as
shown in the hgure. The moment
of inertia of this lamina about axes IR —ad P

passing through O and Pis/_ and 0

[, respectively. Both these axes

are perpendicular to the plane of

the lamina. The ratio / /I 1o the

nearest integer is. (ITT-JEE 2012)

. A uniform circular disc of mass 50 kg and radius 0.4 m

Is rotating with an angular velocity of 10 rad/s about its
own axis. which 1s vertical. Two uniform circular rings.
cach of mass 6.25 kg and radius 0.2 m, are gently placed
symmetrically on the disc in such a manner that they are
touching cach other along the axis of the disc and are
horizontal. Assume that the friction is large enough such
that the rings are at rest relative to the disc and the system
rotates about the original axis. The new angular velocity
(inrad s') of the system is. (JEE Advanced 2013)

. A uniform circular disc of mass 1.5 kg and radius 0.5 m

1s imtially at rest on a horizontal
frictionless surface. Three forces
of equal magnitude F=0.5 N are
applied simultaneously along the
three sides of an equilateral
tnangle XYZ with 1ts vertices on
the perimeter of the disc (see
figure). One second atier
applying the forces. the angular /

speed of the disc inrad s ' is (JEE Advanced 2014)

. A honzontal circular platform of radius 0.5 m and mass

(.45 kg 15 free to rotate about
its axis. Two massless spring
toy-guns. each carrying a
steel ball of mass 0.05 kg are
attached to the platform at a
distance 0.25 m from the
centre on its either sides
along 1ts diameter (sce
figure). Each gun simultane-
ously fires the balls horizontally and perpendicular to the
diameter in opposite directions. After leaving the platform,
the balls have horizontal speed of 9 ms ' with respect to
the ground. The rotational speed of the platform inrad s
after the balls leave the platform is

(JEE Advanced 2014)

. Two identical uniform discs roll without slipping on two

different surfaces AB and CD (see figure) starting at A and
C with linear speeds v and V.. respectively, and always
remain in contact with the surtaces. If they reach Band D
with the same linear speed and v, =3 m/s, then v in m/s
is g =10 m/s%) (JEE Advanced 2015)

@'ﬁ www.studentbro.in



7] B
. L
e
70w 27m
eI |
A oy N ¥
q_:i?_%ﬂ-- D

The densities of two solid spheres A and B of the same

radii R vary with radial distance r as p_‘{r) = 1[-};} and
q

p(r)=k {-;}-] . respectively, where k is a constant. The

moments of inertia of the individual spheres about axes
passing through their centres are I and [, respectively,

/
et T”E .the value of mis:  (JEE Advanced 2015)

I

Fill in the Blanks Type

Statement 1 is true, Statement 2 is true: Statement 2 is the
correct explanation for Statement |.

Statement | is true. Statement 2 is true: Statement 2 is
NOT the correct explanation for Statement |.

Statement | is true but Statement 2 is false.
Statement | is false but Statement 2 is true.

Statement 1: If there is no external torque on a body about
Its centre of mass. then the velocity of the centre of mass
remains constant.

Statement 2: The linear momentum of an isolated system
remains constant. (HT-JEE 2007)

Statement 1: Two cylinders. one hollow (metal) and
the other solid (wood), with the same mass and identical
dimensions are simultaneously allowed to roll without
slipping down an inclined plane from the same height.
The hollow cylinder will reach the bottom of the inclined
plane first.

Statement 2: By the principle of conservation of energy.,
the total Kinetic energies of both the cvlinders are identical
when they reach the bottom of the incline.

(IIT-JEE 2008)

Fill in the Blanks Type

A uniform cube of side « and mass m rests on a rough
horizontal table. A horizontal force F is applied normal
to one of the faces at a point that is directly above the
centre of the face, at a height 3a/4 above the base. The
minimum value of F for which the cube begins to tip about

the edge is (Assume that the cube does not shide)
(IIT-JEE 1984)
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A smooth uniform rod of length [ and mass M has two
identical beads of negligible <iz¢. each of mass m. which
can shde freely along the rod Iniualls. the two beads are
at the centre of the rod und the system is rotating with
an angular velocity @ about an axis perpendicular to
the rod and passing through the midpoint of the rod (see
figure). There are no external forces. When the beads reach
the ends of the rod. the angular velocity of the system

s

[ |
|
S

(ITT-JEE 1988)

A cylinder of mass M and radius R is resting on a
honzontal piatform (which is parailel to the x-v plane)
with its axis fixed along the y-axis and free (o rotate about
its axis. The platform is given a motion in the x-direction
given by x = A cos (ax). There is no slipping between the
cylinder and the platform. The maximum torque acting
on the cylinder during its motion is

(IIT-JEE 1988)

A stone of mass m, tied to the end of a string, is whirled
around in a horizontal circle (neglect the force due to
gravity). The length of the string is reduced gradually
keeping the angular momentum of the stone about the
centre of the circle constant. Then the tension in the
string 1s given by 7= A/", where A is a constant. r is the
instantaneous radius of the circle and n = .

(II'T-JEE 1993)

A uniform disc of mass m and radius R is rolling up a
rough inclined plane which makes an angle of 30° with
the horizontal. If the coefficients of static and kinetic
friction are each equal to i and the only force acting are
gravitational and frictional, then the magnitude of the
frictional force acting on the disc is—and its direction
1S (write up or down) the inclined plane.
(II'T-JEE 1997)

A rod of weight w is supported by two parallel knife-edges
A and B and 1s in equilibrium in a horizontal position. The
knives are at a distance d from each other. The centre of

_ mass of the rod is at distance x from A. The normal reaction

and on B 1s (IIT-JEE 1999)

A symmetric lamina of mass M consists of a square
shape with a semicircular section over of the edge
of the square as shown in the figure. The side of the
square 1s 2a. The moment of inertia of the lamina about
an axis through its centre of mass and perpendicular
to the plane is 1.6Ma™. The moment of nertia of the
lamina about the tangent AB in the plane of the lamina
B : (IIT-JEE 1997)

on A s
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True/False Type
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A triangular plate of unmiform thickness and density
Is made to rotate about an axis perpendicular to
the plane of the paper and (a) passing through A,
(b) passing through B. by the application of the
same force. F, at C (midpoint of AB) as shown in
the figure. The angular acceleration in both the cases will
be the same.

(II'T-JEE 1985)

A thin umiform circular disc of mass M and radius R is
rotating in a horizontal plane about an axis passing through
its centre and perpendicular to its plane with an angular
velocity @. Another disc of the same dimensions but of
mass M/4 is placed gently on the first disc coaxially. The
angular velocity of the system now is 2a/ 5.

(IIT-TEE 1986)

A ring of masses 0.3 kg and radius 0.1 m and a solid
cyhinder of mass 0.4 kg and of the same radius have the
same Kinetic energy and are released simultaneousiy on
a flat honzontal surface such that they begin to roll as
soon as they are released towards a wall which 1s at the
saine distance from the ring and the cylinder. The rolling
friction in both the cases is negligible. The cylinder will
reach the wall first. (IT-JEE 1989)

. Two particles of mass | kg and 3 kg move towards each

other under their mutual force of attraction. No other force
acts on them. When the relative velocity of approach of the
iwo particles 1s 2 m/s. their centre of mass has a velocity
ol 0.5 m/s, the velocity of the centre of mass is 0.75 m/s.
(IIT-JEE 1989)

Subjective Type

A particle is projected at ume ¢ = 0 trom a point P with
o speed v at an angle of 45° to the honizontal. Find the

magnitude and the direction of the angular momentum of
the particle aboult the point P at time r = v /g.
(IT-JEE 1984)

A small sphere rolls down without slipping from the top
of a track in a vertical plane. The track has an elevated
section and a horizontal part. The horizontal part is 1.0
metre above the ground level and the top of the track 1s 2.4
metres above the ground. Find the distance on the ground
with respect to the point B (which is vertically below the
end of the track as shown in fig.) where the sphere lands.
During its flight as a projectile. does the sphere continue
to rate about 1ts centre of mass? Explain.

8 (IIT-JEE 1987)

A thin uniform bar lies on a frictionless horizontal surface
and is free to move in any way on the surface. Its mass is
0.16 kg and length J3 meters. Two particles, each of
mass 0.08 kg, are moving on the same surface and towards
the bar in a direction perpendicular to the bar, one with a
velocity of 10 nv/s, and other with 6 m/s as shown in the
heure. The first particle strikes the bar

at point A and the other at point B. | 1Oms
Points A and B are at a distance of

0.5 m from the centre of the bar. The

particles strike the bar at the same

instant of ume and stick tothe baron e - - --- B
collision. Calculate the loss of the 6 m/s
Kinetic energy of the svstem in the

above collision process. (ITT-JEE 1989)

A carpet of mass M made of inextensible material is rolled
along 1ts length in the form of a cvlinder of radius R and is
kept on a rough floor. The carpet starts unrolling without
shiding on the Aoor when a negligibly small push is given
to 1t. Calculate the horizontal velocity of the axis of the
cylindrical part of the carpet when its radius reduces to
R/2. (IIT-JEE 1990)

A rigid body of radius of gyration & and radius R rolls
(without slipping) down a plane inclined ai an angle 8 with
horizontal. Calculate its acceleration and the frictional
force acting on it. (ITT-JEE 1991)

A homogeneous rod AB of length L. = 1.8 m and mass M
1s pivoted at the centre O in such a way that it can rotate
freely in the vertical plane (see figure). The rod is initially
in the honzontal position. An insect S of the same mass
M talls vertically with speed V on the point C, midway
between the points O and B. Immediately after falling. the
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Insect moves towards the end B such that the rod rotates
with a constant angular velocity @

|
LV
Yy
L——_——l — ]
A ; 0 C i B
< L2 > L/4 4

a. Determine the angular velocity w in terms of Vand L.
b. Ifthe insect reaches the end B when the rod has turned

through an angle of 90°, deiermine V.
(HT-JEE 1992)

A block X of mass 0.5 kg is held by a long massless
string on a frictionless inclined plane of inclination 30°
to the horizontal. The string is wound on a uniform solid
cylindrical drum Y of mass 2 kg and of radius 0.2 m as
shown 1n the figure. The drum 1s given an initial angular
velocity such that block X starts moving up the plane.

a. Find the tension in the string during the motion.

b. Atacenaininstant of time. the magnitude of the angular
velocity of Yis 10rad/s. Calculate the distance travelled
by X from that instant of time until it comes to rest.
(g =10 m/s’]

Jl”

44

30°

— _

(IIT-JEE 1994)

Two uniform thin rods A and B of length 0.6 m each and

of masses 0.01 kg and 0.02 kg respectively P
are rigidly joined end to end. The A
combination is pivoted at the lighter end, P A

as shown in the figure. Such that it can freely
rotate about point P in a vertical plane. A
small object of mass 0.05 kg. moving B
horizontally, hits the lower end of the
combination and sticks to it. What should
be the velocity of the object so that the system could just
be raised to the horizontal position. (IIT-JEE 1994)
A rectangular rigid fixed block has a long horizontal edge.
A slid homogeneous
cylinder of R is placed
horizontally at rest its
length parallel to the
edge such that the axis
of the cylinder and the
edge of the block are in
the same vertical place - Sal B
as shown in the figure. ' ™ 4

*—>»

10.

a.

C.

11.

There is sufficient fricion present at the edge so that a

very small displacement causes the cvlinder to roll off the

edge without slipping. Determine: (ITT-JEE 1995)

a. Theangle @ through which the ¢\linder rotates before
it leaves contact with the ed ge.

b. The speed of the cente of mass of the cylinder before
leaving contact with the edge. and

¢. The ratio of the translational to rotational Kinetic
energies of the cylinder when 1ts centre of mass is in
horizontal line with the edge.

A uniform disc of mass m and radius 7 is projected
horizontally with velocity v, on a rough horizontal floor
S0 that it starts off with a purely sliding motion at r = 0,
Att= 1, seconds 1t acquires a purely rolling motion.
Calculate the velocity of

the centre of mass of the

discatr = b d
Assuming coefficient of
friction to be u calculate L
The work done by the
frictional force as a function of time

Total work done by the friction over a time r much longer
than r . (IIT-JEE 1997)

Two thin circular discs of mass 2 kg and radius 10 cm
each are joined by a rigid massless rod of length 20 cm.
The axis of the rod is perpendicular to the plane of the
disc through their centres as shown in the figure. The
object is kept on a truck in such a way
that the axis of the object is horizontal
and perpendicular to the direction of 7N
motion of the truck. Its friction with the
floor of the truck is large enough 1o
prevent slipping. If the truck has an
acceleration of 9 ms™, calculate
a. The force of friction on each disc.
b. The magnitude and direction of the frictional torque
acting on cach disc about the centre of mass O of
the object. Take x-axis along the direction of the
motion of the truck. and :z-axis along vertically
upwards direction. Express the torque in the vector
torm in terms of unit vectors /. jand k in the x, v
and : direction respectively.

Al

¢. Find the minimum value of the coefficient of friction
between the object and the floor of the truck which
makes roliing of the object possible.

(IIT-JEE 1997)
A wedge of mass m and triangular cross-section (AB = BC
= CA = 2R) is moving with a constant velocity vi towards
a sphere of radius R fixed on a smooth horizontal table as
shown in the figure. The wedge makes an elastic collision
with the fixed sphere and returns along the same path
without any rotation. Neglect all friction and suppose that

=
paal
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13.

14.

e—
'.’I

the wedge remains 1n contact with the sphere ftor a very
short ime. Ar. during which the sphere exerts a constant
force F on the wedge.

~A < A

- > .
X B (

a. Find the force F and also the normal force N exerted

by the table on the wedge during the time Ar.

b. Let i denote the perpendicular distance between the
centre of mass of the wedge and the line of action of
. Find the magnitude of the torque due to the normal
force N about the centre of the wedge. during the

interval Ar, (ITIT-JEE 1998)
A uniform circular disc has radius R and mass m. A
particle, also of mass m, is fixed at point A on the edge of
the disc as shown in the figure. The disc can rotate freely
about a fixed horizontal chord PQ that is at a distance R/4
from the centre C of the disc. The line AC is perpendicular
to PQ. Inuially, the disc is held vertical with point A at its
highest position. It 1s then allowed to fall so that it starts
rotating about PQ. Find the linear speed of the particle as
It reaches its lowest position.

A

(IT'T-JEE 1998)

A man pushes a cyhinder of mass m with the help of
a plank of mass m_ as shown in the figure. There is no
slipping at any contact. The horizontal component of the
force applied by the man is F.

F—» 1 M.

m

Find:
a. The acceleration of the plank and the centre of mass
of the cylinder.
b. The magnitudes and direcuons of frictional torces
at contact points. (IIT-JEE 1999)

A rod AB of mass M and length L 1s lying on a honizon-
tal fnctionless surface. A particle of mass m travelling
along the surface hits the end A of the rod with a velocity

in a direction perpendicular to AB. The collision 1s .

Get More Learning Materials Here : &

16.

17.

181

cucnrcne €9

completely elastic. After the collision the particle comes
10 rest.

a. Find the rauo m/M.
b. A point P on the rod is at rest immediately after the
collision. Find the distance AP.
¢. Find the linear speed of a point P at ime nl/3v after
the collision. (IIT-JEE 2000)
Two heavy metallic plates are joined together at 7. 90° to
each other. A laminar sheet of mass 30 kg 1s hinged at the
line AB joining the two heavy metallic plates. The hinges
are frictionless. The moment of inertia of the laminar sheet
about an axis parallel to AB and passing through its center
of mass is 1.2 kg-m:. Two
rubber obstacles P and Q are
fixed. one on each metallic
plate at a distance 0.5 m
from the line AB. This
distance 1s chosen so that the
reaction due to the hinges on
the laminar shect is zero
during the impact.
Ininially the laminar sheet hits one of the obstacles with
an angular velocity 1 rad/s and tumns back. If the impulse
on the sheet due to each obstacle i1s 6 N-s,
a. find the location of the corner of mass of the laminar
sheet from AB.
b. At what angular velocity does the laminar sheet come
back after the first impact’
¢. After how many impacts, does the laminar sheet come
1o rest? (IIT-JEE 2001)
Three particles A. B and C each AV
of mass m are connected to each i
other by three massless ngid
rods 10 form a ngid, equilateral
triangular body of side /. This
body is placed on a horizontal
Irictionless table (x-v plane) and
1s hinged at point A so that 1t ¢can
move without friction about the vertical axis through A
(see hgure). The body 1s set into rotational motion on the
table about this axis with a constant angular velocity o.
(a) Find the magnitude of the horizontal force exerted by
the hinge on the body. (b) At ume 7. when side BC s
parallel to x-axis. force Fis applied on B along BC (as in
the figure). Obtain the x-component and the v-compo-
nent of the lorce exerted by the hinge on the body, imme-

diately after time 7. (IIT-JEE 2002)
A wooden log of mass M and length 0
[. 1s hinged by a fricnonless nail .

at 0. A bullet of mass m strikes
with velocity v and sticks to 1t. v
Find angular velocity of the system
immediately after the collision
about O. (II'T-JEE 2005)
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19. A cylinder of mass m and radius R rolls down an inclined
plane of inclination 6. Calculate the linear acceleration of
the axis of cylinder. (IIT-JEE 2005)

20. Two identical ladders, each of mass M and length L are
resting on the rough horizontal surface as shown in the
figure. A block of mass m hangs from P. If the system is
in equilibium, find the magnitude and the direction of
frictional force at A and B.

21. A rectangular plate of mass m and dimension a X b is held
in honzontal position by <tniking n small balls (each of
mass m) per unit area per second. The balls are striking
in the shaded half region of the plate. The collision of the
balls with the plate 1s elastic. What is +?

b

&
a
E v

< >
‘] A
i

(Given n = 1000M =3kg. m=00l kg:b=2m:a=1 m:

g = 10 m/s®).
(IIT-JEE 2006)
(IIT-JEE 2005)
ANSWER KEY
Assertion—Reasoning Type
JEE Advanced P 4 5 . sl
Single Correct Answer Type Fill in the Blanks Type
1. ¢ 2. c. 3. b. 4. c. 5. c. , ) M |
6. a 7. a. 8. c. 9. d. 10. b. 1. 3™Me 2. ‘H+f[: 3. EMRAw‘
1.a  12b 13. b 14 a 15 a SR
16.b. 17.a  18.d  19.a  20. b 4 Tocy? s M8 6. R,‘:(“"*‘]w
21. b 22. d. 23. a. 24. b. 25. b. 6 d
26. ¢ 27. a. 28. d. 29. d. 7. 48 Ma’
Multiple Correct Answers Type True/False Type
1. d. 2. b 3. c 1. False 2. False 3. False 4. False
4. b.. d. 5. a8.b.c 6. a.
i 8. a 9, a.b.c Subjective Type
3
10. c..d. 11. a.d. 12. b., 1. ™% inadirection perpendicular to paper inwards.
13. c. 14. b.d. 15. a. 2V2g
16. c.,d. 2. 2.13 m, yes 3. 2.2
Linked Comprehension Type 4. .- |14Re AL
l.e. 2a  3b 4 d 3 e
5. d. 6. c. 7. d. 8. a k?
This is the condition on i so that the body rolls without
Integer Answer Type slipping. .
1. (4) 2. (9) 3. «(3) 4. (8) S. (D 12V ,
6. (a) — (B)35ms
6. 4) 7.(1) 8. (6) 8) Sp WSS ms
7. (a) 1.63AN(b) 1.22 m
8. 6.3 m/s
9. (a) cusﬂ=-:} )[R ()6

2
10. (a) E Vo

-

—-m‘lﬂ

6

(b) 3 & For 1515, Wy =28 [31g1 - 2v,).

2

@ @g www.studentbro.in




11 (a) 6i N (b) —0.6j-0.6k (c) u>-= 15. @+ 2L o
3g 4 3 2\2
12. (a) (i) ;=(zﬂ);—(ﬂ)k 16. (a)0.l m (b) I rad/s (c)ﬂ_}_e;l will never come to rest.
Af V3 17. (a) Bmlw®  (b) (F), =—(Fu), =3 mlw’
con m 2my |~
(n) N =[mg+ ]k 3Imvu
J 18.
S (M +3m)L
= 4my
b -
O igy ] -[7;;)" 19. 2gsing
13. S5gR
g i - 20. [(M " m)i]cmﬂ , the direction of friction force at A 1s
2
14. (a) a = c = =2
(@) dcu 3m, +8m, " Pk T 3, +8m, “em towards right and at B towards left.
3le le 21. 10 m/s

(b)

3m, +8m, ‘ 3m, +8m,
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HINTS AND SOLUTIONS

JEE Advanced
Single Correct Answer Type

1. ¢. Since the objects are placed gently, therefore no external torque is
acting on the system. Therefore, angular momentum is constant.

il
| = mr
1.e., flml = !Iml
MP x @ = (MP + 2mr*)o,
- Mo
@, =M+ 2m
2. ¢. The moment of inertia of the system about axis of rotation O is
I1=1 ; ¥ !I
=0.3x" +0.7(1.4 - x)°
= 0.3 +0.7(1.96 + x* - 2.8x)
=x*+1.372 - 1.96x
e
Syt
X :
0, T ‘
0.7 kg | 14— x 0.3 kg
e >

The work done in rotating the rod is converted into its rotational
Kinetic energy.

W= 1o =1 (¥ + 1.372 - 1.96x]7

For work done to be minimum
do _

p o 0

= 2x-1.96=0

— .‘r=%§=0+98m

il

=
paal
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3. b,

Angular momentum of mass m moving with a constant velocity
about origin is

line parallel

L = momentum * perpendicular distance of line of action of
momentum from origin, L = mv x v

In the given condition, mvy is a constant. Therefore, angular
momentum 1S constant.

As the spheres are smooth, there will be no transter of angular
momentum. Thus, 4, afier collision. will remain with its initial
angular momentum.

. The disc has two types of motion, namely, translational and

rotational. Therefore. there are two types of angular momentum
and the total angular momentum is the sum of these two.

O

4 I o ' S

L=1L =L, L =angular momentum due to translational motion
L = angular momentum due to rotational motion about CM
L=MVxR+[]
(M

!{ ™ M about centre of mass

= L=MRw)R - _% MR () =R win case of rolling motion and
surface at rest)

3 -
- 3 MRw
6. a,
a
Vv
o [ 4 '.l- --------- il C
F— e — =k —_—
()

‘N d 3 ' ﬂ:

r=Y2sorr=~2-=<
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Net torque about Q is zero.

Therefore, angular momentum (L) about O will be conserved,
oL, = L,r

MY (5)=lw=(_, + Mo

\ Ma a
= |=—— M = | @

9.d.

10. b.

11. a.

<z

When we are giving an angular acceleration to the rod,
the bead 1s also having an instantaneous acceleration
a= La This will happen when a force is exerted on the bead by
the rod. The bead has a tendency to move away from the centre.
But due to tniction between the bead and the rod, this does not
happen to the extent to which frictional force is capable of
holding the bead. The frictional force here provides the necessary
centripetal force. If the instantaneous angular velocity is ,
then

mlar = uimay)

= umlLa

= W= U
By applying @ = W + o we gel W= o

H

H:f:*ﬂﬂ::-I:'ﬁ.‘-&

The applied force shifts the normal reaction to one comer as
shown in the figure. At this situation, the cubical block starts
topping about 0. Taking torque aboul O, we get

T
.

mg

ta i~

F~L=mg-

m
= F=-.f;-g

s

The moment of incrtia of the loop about XX axis is
! : ,
[ = “f L mR + %mﬁ'“

Ly -

where m = mass of the loop and R = radius of the loop

Here m = Lpand R = l’—; therefore,

2
3 (LY 3P

The MI about the axis of rotation is not constant as the
perpendicular distance of the bead with the axis of rotation
INncreases.
Also since no external torque is acting, therefore
dl.
‘I:;“ df

- [. = constant

[ = constant
Since { increases., @ decreases.

We cannot consider the quadrant as a single mass as the distance
of different particles 1s different from the axis of rotation. So we
take the help of calculus. Let us consider a segment as shown
in the figure. All masses lying in this segment are at a distance r
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from the axis and hence considered as a small differential mass
dm. Let the thickness of the segment be dr.

: 1%
n .

n’

The mass per unit area of the quadrant = _t_f - 4M

nR-4 nR-

Area of the segment = %[MF +dry - o] = Jl < 2nrdr

nordr
=
odr  4M _2M
Mass of the segmentdm = —- = “5 = ==% p°d|
S0 segment dm 5 R
| P 1 2M
MI of this segment about nn’ = Ps rdr < r I rdr

MI of the quadrant about nn' =

T —
e
Tg
5,
5

_2M _R' MR

R4 2
12. b. The frictional force acts in a direction opposite to the direc-
tion of net acceleration of point of contact. In both cases the
cylinder rolls up or rolls down, the point of contact P has an
acceleration down the plane. similar to that of center of mass
of cylinder.
/:u: cos 6 ‘/'”.It cos B
f /
mg sin 6 Q" mg sin @ Q""
\ 6 \ o
Moving up the plane Moving down the plane
. The frctional force, acting on the cylinder, is always up the
incline. while ascending as well as descending.
13. b. In absence of external torque, hence according 1o the conserva-
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tion of angular momentum the angular momentum of the
system remains conserved.

Let the tortoise move along the chord PQ. When the tortoise
moves from P and M its distance from axis point O decreases
and so the moment of iner-
tia decreases as [ = mr. where
r = distance of tortoise from O.
When the tortoise moves from M
to Q the distance r increases and
so [ also increases.

But according to the conser-
vation of angular momentum
the angular momentum of the
system remains conserved /@ =
constant.

- e W . . . .

I.

-
-

14. a.

15. a.

16. b.

MR (i)

I, =mR" -

. MR-

Iy =mr-+ (11)

s—
-— -

By gecometry, r:=d:-’-i WR* =d”~ =t

- ’
Angular momentum is consenved

(i11)

NGO

Wir) =
Iy

axr) depends on / . I depends on r and r depends on time 1.

The function of 7 is non-linear.

Hence ox1) is a non-linear function of 7.

@ ncreases when tortoise travels from P 1o M as momentum

of inertia of the system decreases and @ decrease when tortoise

travels from P to Q as duning this interval momentum of inertia

of the system increases.

First increase and then decrease of @ is revealed in graphs (b)

and (d). But axr) is a non-linear function of 1, hence graph (b)

represents the vanation of axr) w.r.t ime.

Change 1in angular momentum of the system = angular impulse

given to the system (angular momentum) - (angular momentum),

YL (i)

e

Let the system starts rotating with the angular velocity .
Moment of inertia of the system about its axis of rotation (centre

of mass of the system) = M(% ): ‘ M(%)z = Lﬂff

:H-.g'-.lme(iH

lo- 0= My~ L

_ MV L MYy LV
| 2

| L | = mvr
L
0 [ -

p=my

The direction of L (about the centre) is perpendicular to the plane
containing the circular path. Both magnitude and direction of
the angular momentum of the particle moving in a circular path
about 1ts centre O are constant.

The linear momentum () is conserved. since T 1S Z€T0.
Let fr = [ " therefore J’r = 2)‘"

0 =0, therefore @ = @ (say)

“

fﬂﬂ}“= anw - )= *}*
|

k=110
W 2
K =320 <)
L 57
~3* 2" 3
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17. a. The rolling disc can be considered as pure rotation about point M = Mass of the circular disc cut
of contact O. In this case point O will act as instantancous R\
center of rotation of disc. e (3)

-

nR*
= (F X 9 = A

Let us consider the above system as a complete disc of mass 9M
and a negative mass M superimposed on it.

Moment of inertia (/) of the complete disc = 9MR’/2 about an
axis passing through O and perpendicular to the plane of the disc.

MI of the cutout portion about an axis passing through O' and
perpendicular to the plane of disc is

L (8

Therefore, MI (/) of the cutout portion about an axis passing
through O and perpendicular to the plane of disc is

Instantaneous center of rotation

Hence velocity of point P. v = @r
iy o DIl Oiv. = 1 RY’ 2R’

velocity o pmle.lu o, = x M 3 + M x 3

velocity of point C, v.= OR -

for diagram it is clear [Using perpendicular axis theorem]

s Tl EE ST Therefore, the total Ml of the system about an axis passing
' ' g % 1 through O and perpendicular to the plane of the disc 1s
18. d. The cubical block is in equilibrium. For translational equihibrnium, Jef 4]
¥ T
A * N » [ R\ IR\ )
3 f _EQMR-_[E“MI(T) +M1(—jﬂ) ]
f-‘ .
/TF'-—_’ p b 3
A — -1 ovk - M|+ 3]
Iu [
C g 20. b. | L | = mvr. Since v i1s changing v
\ ’; h: - (decreasing). L is not conserved
E ] in magnitude. Since it is given
1 that a particle 1s confined to
= rotate in a circular path, 1t cannot
.o d
< mg have spiral path. Since the '
= particle has two accelerations
a_and a , therefore the net
a. LF =0=F=N acceleration is not towards the
b. LF =0= f=mg centre.
For rotational equilibrium, The direction of L remains the same even when the speed
It =0, where t = torque about CM ( decreases.
Torque 1s created by trictional force (/) about C = $ = f*a 21. b, e %.\ij / (given) (1)
in a clockwise direction. There should be another torque which | / N v = ] *I-M 2+ AP
should counter this torque. The normal reaction N on the block cw "Iy T MP =Ml r
acts as shown in the figure. This will create a torque N = b in 3.0 . .
the anticlockwisc direction. Such that /= o = N * b . IMF =1 (given) ()
: , vini Dagel  Yias 2
Sete: The normal force does not act through the centre of the body From Egs. (1) and (1), SMR™ = SMr = r= ;:I__S.R
#wavs. The point of application of the normal force depends on all
@ forces acling on the body. A 1 Y
1% a. |.¢t o be the mass per unit area. The total mass of the disc = © : \/
« IR" = 9M. '
+
- :n
; B &
] e Sphere Disc
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22. d.

23. a.

24. b.

25. b.

Get More Learning Materials Here : &

By the concept of energy conservation,

2 2" R4
1,3 | =
Ef—w—aml’d—fml’a-—zml-’e
= =1
2
Linear momentum remains constant if net external force on the

system of particles is zero.

The maximum angle when the block will not slide should be
equal to the angle of repose.

¢=lan"lp =tan”' V3 =60°

If the block does not topple, the line of action of weight should
pass within the base of the block

4 9L
\
A ¥ b2

mg
e

Fd i S g —

And for toppling, maximum angle of inclination,
-1 al2

hi2

(1072)
(15/2)
0 =34° < 60°
For 60°, mg is already outside the base.
~. As the angle € 1s increased first it will topple before it starts
shding.
Let M and / be the mass and length of the rod respectively and
m be the mass of the insect. Let insect be at a distance x from O
at any instant of time 1.
xX=w (1)
Angular momentum of the system about O,

#=1an

0 =tan™"

Z

(using (1))

26. c.

Yal

di
As @and v remain constant
IT1=2mn -1
1T fee 1t
Hence, the graph and 7 1s a sraight line passing through the
(0. 0). Option (b) represents correct piot

Magnitude and direction of L, remain constant.
Magnitude of L, remains constant but direction of £, change.

27. a.
l = 12v sin & = [2v sin ax
28. d. IP > !v
iy gsiné 4y = gsin@
Ip /
ke 1+ £
mR mR*

29.

A, <dp >DV=u+agl =>1«<—
P ¢ a

. >
¢

.{.l'

Vi=u'+2as = veca= S I’U
. !
Translational KE, —~mV? = TR KE, < TR KE,,

V=WR=3WNV=}NP{WQ

d. Angular momentum of ring and mass system should be con-
served

Ininally Finally
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/@ = constant
Iniual moment of inertia of system (ring + masses)
! =MK
mnitial

Final moment of inertia

&
4

MR:-m=(MR:+£iR:+£.t:J_m
8 25 8 9
9 MR® M

+ X
25 8 8

Mx* g
Y =MR‘(*I-- 9 ]
8 8 25x8

:—mﬁ = MR’ +

)
= — MR’
25

1':=ERJ — .r=(i]ﬁ'
25

L]

M
—X
8

Multiple Correct Answers Type
I. d. We know that F'_ = Ma_ (1)

We consider the two particles in a system. Mutual force of
attraction is an internal force. There are no external forces acting
on the system. From Eq. (1), we get
a., =0
Since initial v _
2. b. Angular momentum

= 0, therefore, final Vs = ()

-

L - ‘IF b E r"'f I?r
L =Momentum = perpendicular 3 ® —
distance of hine of action of )

momentum w.r.t. point of ¥

rotation 0
L=MV=xy

L

The quantities on the right side of the equation arc not changing.
Thus, magnitude 1s constant.

3. ¢. When the cycle is not pedaled but it is in motion (due to
previous effort) the wheels move in the direction such that the
centre of mass of the wheel moves forward. Rolling friction will
act in the opposite direction to the relative motion of the centre
of mass of the body with respect to the ground. Therefore the
rolling friction will act in the backward direction in both the
wheels. The shding friction will act in the forward direction of
the rear wheel during pedaling.

4. b, d. Angular momentum = (momentum) X (perpendicular
distance of the line of action of momentum trom the axis of
rotation)

0

Angular momentum about O, L = T_: < h (i)
Vsin @ 7
f\:ﬂu_ n= — = —— - - - 45° o
2g 4g [ 6=45°] (1)

From Eqgs. (1) and (i1), we get

my'
L="2

(2\gh)h = m‘dzgﬂ_ﬁ

Also from Egs. (1) and (i1), we get

pomi 1T mi

D 48 42

S. a., b.. c. To find the moment of inertia of 4BCD about an axis

passing through centre O and perpendicular to the plane of the

plate, we use perpendicular axis

theorem. If we consider ABCD 10

be in the X-) plane, then we know
that

l.=1 +]._

bes 4] 1

L.=L+l (1)
Also I;.-' -~ !] ¢ f‘ (11)

Adding Eqgs. (1) and (1), we get
U =1 FLAE¥L,
But 7/ =/ and/ =/ (by symmetry)
2!::' - IJ ! II= " !.1 X I.‘
=2 +2

6. a. The force acting on the mass of liquid of length dx at a distance
x from the axis of rotation O 1s as follows:

dF = (dm) * or
v dF=axer /
Therctore, the force
acting at the other end 0

is for the whole liquid in

tube.

. Mo
- 9

7. ¢. When the car is moving in a ¢circular horizontal track of radius
10 m with a constant speed, then the bob is also undergoing a
circular motion. The bob is under the influence of two forces.

i. 7 (tension in the rod)
ii. mg (weight of the bob)
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10. ¢,

Resolving tension, we get

T cos 8=mg (1)
and T sin 6= """ (ii)

(Here T sin @ is producing the necessary centripetal force for
the circular motion)
Dividing Eqgs. (1) and (11), we get

=lox10=! = 0=45°

a. A'B'LABand CD'LCD

From symmetry, / et C
and !cn =l

From theorem of
perpendicular axis,

fﬂ' N I#ﬂ Ii'ﬂ* = f{'n * ‘f{"n- 0

= lfﬂ = 2]

l|F'Iu!' = f{'ﬂ

ch

Alternative method: 1

The relation between [ i
and / _ should be true for ¢ B D
all va(IUEﬂ of 6.

A19=0.Il_ {u
n

Similarly, at 8= 3

!m =1, , (By symmetry)
Keeping these things in mind, only option (a) is correct.

. _dL
a.,b.c. 1= 7

Giventhat t=Ax L

dl -+ -
= E-AHL

=¥

From the cross-product rule. % 1s always perpendicular to the

plane containing Aand . By the dot product definition, Ll=L
Diffcremia:ing with respect to time, we get

rdl dl . dl

dr g =AU
dl. - dL

..L- {nr = 2!,.- ey

Since dL/dr is perpendicular to L
dL

— 5 =0 = L = constant

d. As shown in the figure, the component of weight Mg sin 6
tends to slide the point
of contact (of the
cylinder with inclined
plane) along its
direction. The sliding
friction acts in the
opposite direction to
this relative motion.
Because of frictional
force the cylinder rolls.

Get More Learning Materials Here : &

11. a,

12. b,

13. a,

<z

Thus frictional force aids rotation but hinders translational
motion.

Applying F . = maalong the direction of inclined plane, we get.
Mg sin 6‘-—f=Ma.
where a_= acceleration of centre of mass of the cylinder
f—-Mgsmﬂ Ma (1)
where a = acceleration of centre of mass cylinder.
But o =% .-f.inJr g sin @
' : i MR 12
I+ue T MR
5
=38sin 6 (1)
From Eqs. (i) and (i1),
Mg sin 6
f= £ 3

It @is reduced, then frictional force is reduced.

d. Since no work is being done in the process, the sum of kinetic
cnergy, translational kinetic energy, rotational kinetic energy and
potentuial energy will be constant.

KE, + mgh = KE’ = KE tmgh,
KE >KE and KE > KE
B A B (
Nowifh >h ,then KE <KE .
{ 4 A (
C.

F - s ! -
l**{}. Vﬂ-&r, t‘,_-lm'

oy |y,

Ve =V, istowards the right and V-V _is towards left,

Hence, option (a) s incorret.
But in magnitude, option (¢) is correct.

-

V..~ V =20r = "'Ir’
¢. The tmnun and normal re..tumn on the ring is impulsive in
nature.
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14. b,

1=,

-
-
-
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Considering the motion of ball,
mvo—J, =0 or J =my,

Hence J =0.1x20=2kgm/s

and J =mv=0.1x10=1kgm/s

Now considering the motion of nng.
J =MV, -(-MV)

Hence the linear velocity of ring becomes zero just after coll:-
sion.

Conserving angular momentum of system (ring + ball) about
point of contact (P).

f,,mntf: ) + nn*”df—l;* )= 1y W+ mvx( k)

[,w= f,.m[,é +m |vx—vd] k
Voo

= 2 rad/s

Asnng is rolling @, =—=
S ring is ng @, =112
- S 2 3 )
.’!x[l] m=-§-x2:~<(—l—] x2k+0.1 l[}x‘”—'—lﬁxl k
2 2 2 4 4

L

Yy g, )
Ex[l] w=—k +ﬂ+lx-l-9-[3—2|1'
2 2 4

Hence @ # 0 and will be in counter clockwise direction. Now
friction will be kinetic in nature and will act in leftward direc-
uon.

d.

| 4 ;

1. : e
= [V _ 0P "R [xGp
=Y R \J R V 3
=R

Surface areaof P= A = 4:!Rf.

Surfacc arcaof Q=4A= 4HRE;,
= Rp = .-."RP
MassRisM =M + M o
4 3 4 3 4 3
2R =0 wr? i o2xR:
pJJIRR p}rRP p}xﬁg

= Rx=Rp+R)=9Rp

RR = qlBRF = RR > RU' > RP

; - : ”
Therefore Il} lﬁ} IP

A~ ring is rolling the point of contact of ring with ground (O”)
« 11l be instantaneous center of rotatnon. Hence for pure rolling
= (M 3R)=3IRw and its direction is along positive x.

cucnrcne €9

Instantaneous center of rotation

The velocity at the point P

Vp = IRwi —R—_fuiin 30° +B$Cﬂ53{]°£

il il

1. - 3

vp = — Rwi +~—Rwk
4 4

16. ¢, d.
Consider of translational equilibrium
N = p:."«f: (1)
N:+p‘."u'| = Mg (1)
-"l"_vll
N

1

Solving NN, = k-
I+ iy iy

N, = Hamg
|+ 1,

Applying torque equation about corner (left) point on the floor

f
mg—-cos@=N,/sin@+ N fcos8

Solving tan @ = PI.-T:LEL

Linked Comprehension Type

:', 1wy = .I, kx' and :I; (@) = -l, kx

Dividing them, we get
X =
]l = v2

¥

2.a. Let final angular velocity be @ . Applying conservation of
angular momentum:

(J+2hw =12w) + 2w

_4
= ) = 3
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Now angular impulse = change in angular momentum:
n=2w - w

- n=:f‘{~' = r=4

3.b. KE KE

I

= éf{.’!mf+i}3

lor -4 310 =4 107

4- dq f :A{'I el I“fﬂ,ﬁ—_ - fﬂ
=  fR=-(12)MR*(a/R)
_ 4k
Solve 1o get net force = Ma = - .3

=

—u
/

2kx

Negative sign is because this force will act in the backward
direction.
X : o dkx
S.d. From the previous question, a - 3N

Comparing with a = - @'x, we get

—

4k
@=\3pm

6. c. From the previous question, we can get

f=dh

J o = HMg

For disc not 1o shp./  2f=x<

(W ] %

uMg -
k (1)
From conservation of energy:
%13&1 X ={ l W + % MV

My,
— X= 4 1

Putting the value of v in Eq. (i). we get
. 30
= ¥V, sugy k
7.d. Angular speed about the instantaneous axis passing through
centre of mass is @ for both the cases.
8. a. Instantaneous axis passing through ¢m is vertical in both the
CAscs.

Integer Answer Type

1. (4) There are two possibilities for applied force by string.
(1) If net force applied by the rod is considered to be 2 N
(i1) If only normal reaction applied by the rod is considered to
be 2 N.
Let us consider Ist possibility that If net force applied by the
rod 1s considered to be 2 N.

Get More Learning Materials Here : &

<z

Hence net force applied by the rod
u:f.r: "".F: =) (1)
Applying torque equation about point of contact

FR- fR=2mR* <
R-f m =

F-f"=2ma=1.

From (i) and (ii), (1.2+ ') + /"~ =2°
27 +24f +1.44=4

(n)

fP+12f°40.712-2=0
f2+1.2f'-1.28=0

-1.2+/1.44 + 4 x(1.28)
)

=0.6+v0.36+1.28 =-0.6 + V0.64 = 0.68

From equation (i1), F = 1.88
068 P
“7188 10

Now let us consider the possibility that if only normal reaction
applied by the rod is considered 1o be 2 N.

”:DF-:N
q‘—_u.
=03 l,uF- 2u

—

Jj=

P=316=4

a= O.Jm-':i:q

From F.B.D of ring, writing equation of motion of rng

2-f=2[03] = f=2-06=14N (i)
Asdiscisrolling. A=Ra = 0.3=a0.5]

3 .

n=;radfs (11)

Now torque equation, T, =/ «
fR-2uR=mR«a
f-2u=mRa

2(3
-2l 2
1.4-2u 1[2]
08=2u = p=n+4=£ < P=4
10
2.(9) The moment of inertia of the system about the diagonal of the

square

.-1 1) 2 y | =
I=[:MR‘ 3+[—-MR'+MI'J3
5 / 5

- s e W . o S A

- W o == W @

O s o s e e o
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=(§MR’J2+[§MR’]2={ME)2 I, = -_I;MRI =—;-x50 kgx(0.4m)’ =4 kgm’
, 8.5 . = Initial angular momentum of the disc is L, = /o,
% [ ]+ IMx® = EMR +2mx* When two uniform circular rings are placed symmetrically on

the disc such that they are touching each other along the axis
5 . of the disc and are horizontal as shown in figure (b). Then the

-5- x0.5x 5 ] +2x(0.5)x(4x2) |10 moment of inertia of the system about the given axis

> - /= ;I; MR™ +2mr= +2mr* = %MR: +4mr’

§+3]xm*=9x|0“=wxw“ . i

-

b
-

N % x S0kg % (0.4m)* + 4 x6.25kg X (0.2m)?

So,N=9 i .
3.(3) =4kgm” +1kgm* =5kgm*
O) Let @, be the final angular speed of the system.
Final angular momentum of the system is L, = [, o,
. ' According to law of conservation of angular momentum, we
gel

L =L, or Lo, =I,0,

m,=£m, 4 kgm’ ~x10rads™' =8 rads '
l, 5kgm’
P . 2R - |
. 0 5.(2) 1'_1=31'1=3Fr5in 30 = 3(0.5){0.5}~2~= N-m
0
m
im

00 | W

2
Iy = [4,"){23] -imRz = mR* 3 —-'.1 = Emﬂz
@ / 1.5(0.5)° 3
2 16
T 2
a=?=2mws
IF=£{4m}(ZR)E __g_.+m{(1R]-+R1} @ = at =2 rad/s
2 - j 6.(4) Since net torque about centre of rotation is zero, so we can
17 apply conservation of angular momentum of the system about
= 2¢mR2 - ——mR" = —mR‘ center of disc
2 2 L=L
37 0=lw+ 2my (r/2). comparing magnitude
lp 5 37
_=_l%=l__3 [0,45xﬂ.5x0,5\m 005x9x 2> %
0 2 / 2
2

A w=4
7.(7) Kinetic energy of a purely rolling disc

mV2+l(EJV3=§—mV2
2 4

4.(8)

1
2 2

Using conservation of energy on both discs and equating their
final energies
3 2 3 2
:mv, +mg-30= Emvz +mg - 27
3 3
Only disc is rotating Rotation of disc with ring 3mg = Imﬂf’f -V}
4 = V-.z - 9
Moment of inertia of the disc about its axis % i
V; =49
V,=7

@R www.studentbro.in
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j i
8. (6) Moment of inertia of a hollow sphere is /= %mR*

Here, for sphere A:

RI N ¥ r
/I, = I—r" -dnr- drK —
n3 R

_8nK g STK R

=—]|r
3R 3R 6
Also, for sphere B:

R 10
o= I—rz-d.!rr:drii-rf': SxK : R
3
s

R IR 10
Ratio, f-ﬁ- = i
I, 10

Assertion-Reasoning Type

l.d. Forstatement 1: Force may be acting through
centre of mass as shown in the figure. For this,
torque about CM will be zero. The force F will
produce an acceleration in the CM.

: F
sin @ : .
2.d. a= g_f 1, of hollow cylinder is less,
|+ =
mR-
so 1t will have more acceleration and will take less time to reach
the bottom.

Fill in the Blanks Type

1. Taking moment of force about D,
’

3
F=*f"~*mg‘-=%=3mg

mg

2. Since no force and hence no torque is applied, the angular
momentum remains constant

lw =] w
1 3 2
/| @ L{% o Vo,
m fq—-ﬂ.m: ; -L'-:--‘I——d._lﬁ-;r
T3 e (3)
3. x=Acos ax

— " A sin ax
dt

= X _ 40 cos ax
dr
‘Max acceleration| = Aar

_Adr

T~ R

<z

Max torque = la_

|

= MR < AL < LvRaer

. Letat any instant of time ¢, the radius of the horizontal surface

b'cr l_r-"i----"-.
T=mrar (1)
where m i1s the mass of the stone and /'

w1s the angular velocity at that instant
of ime 1.

Attime ¢
Also, L=Ilw (1)
From Egs. (i) and (1)

T= mrl” _ ml*
I {mrz }:
=  Txr'(' m, L are constant)

X r

. Given that the body is rolling up the inclined plane. Therefore,

the velocity of the centre of mass is up the inclined plane. The

component of weight (mgs sin 6) is trying to move the point of

contact downwards. Therefore, frictional force will act upwards.
N

From force diagram,

mg sin 8= fma (1)
For rotational motion about the centre of mass of disc O,
/xR=lax
= Buta =aR
a‘ la

= a=xfxR= =3

R R .

= AN (11)
-.,mR‘

From Eqgs. (1) and (11),

= 3f/=mg sin 8= mg sin 30°

mg
6

= f=

. Let R, and R, be the reactions at the knife edges 4 and B,

respectively (as shown in figure). For the rod to be in equilibrium
in a horizontal position, the moment of forces about the knife
edges must be equal to zcro.

C —
A I y B
R“ A < d-x "T Rﬂ
W

Moment of forces about A,
R* x (0 + x H’—Rﬂd=ﬂ
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xW

: = xh =1 I M
ie, R,=% l,= MR+ 5 TR
Moment of forces about B, o
R d-(d-x)W-R, 0=0 = (45 MR = 2 MR?
- - d—-r = 9
l.c..RJ-( 7 )W @, =
7. Assuming symmetric lamina to be in xy plane, we will have lo 3 Luvr x o g i
W, =3 T
2 SMR‘
3. False: Total energy of the ring = (KE) (KE ————
il 1
- 2 :'{ﬂ' . sz
=% xmra + -é--m(.»'f.‘.::.'}I
I=mr, V =rw
Total KE of the cylinder
- (KE]Ru:tm+ (KE] Translaniona!
= % I'e* + -MV
[ -J (Since the mass distribution is the same about the x-axis and
I. a:us} B ( l )w,_ + 1 Merer
i = "f a'; (perpendicular-axis theorem) 217% (resy
It is given that =3 MPw? (i)
[ =1.6 Ma’ s
g T Equating Eqgs. (i) and (ii), mP e’ = Mr’af’
/
= = -t g 2 wﬂ 4m 0 3
Hence, / !F > 0.8Ma = 7 =" 3 xoq=1
Now, according to the parallel-axis theorem, we get = o=
- 2 Both will h at th time.
!«n! ;ﬂ MZH) _. Wil rc€ach at the same time
= 0.8Md’ + 4Md’ = 4 8Md’ 4. False: Since no external force is acting on the two particle
system,
True/False Type Looa, =0
1. False: 7= I, therefore a = 11: - V'CH S RONT—
7= Force x Perpendicular distance Sl.lbj ective Type
Torque is the same in both the cases. But since / will be different L. Let us take the origin at P, x-axis along the horizontal and
due to different mass distribution about the axis, therefore y-axis along the vertically upward direction as shown in
a will be different. the fnlluwin}g figure.
&
2. False: 7 = 4
' di =
Since 7 =0, L = const
Jor >
M For horizontal motion during the time 0 to 1,
v
0 g =2
= ¥ =V cos45°= 7
.Y
d x=vg=—22=
R V2 8 \\*23
For vertical motion, using v=v gt
lw =1 -
i 2 2 - 45ﬁ ( Vn) (I_\JZ}
vV =V _SIn - - |= = v
;l=%m1‘ml.=m y 0 8 g V2 0
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e o l -
and vy =(v sin45%) 173 g1

r. ' = ‘ :‘ b
— V= _n-{ﬂl]_lg[iJ =i'["«."I | )
V20 g) 2°(g) *¢

The angular momentum of the particle at time 7 about the origin
1S
[ = ;IB=HH?K?I‘
=(1x+ Jy)x(v [ +Vv J)
=m(kxv - kyv)

] ’I'
=mk “ =
v2g

-~ my,

‘l

1: v
—{l-x"}—“'hz—l _El

lwig

Thus, the angular momentum of the particle is mv A 2¥2¢ ) in the
negative Z-direction, i1.¢., perpendicular to the plane of motion.
gomg into the plane.

Applying law of conservation of mechanical energy at point M
and point N

AK+ AU =0
Increase in KE = Decrease in PE

] b ] [ 5
Smu”+ E lw™ - U] =(mg(2.4)-mg(l))
Since the sphere is of rolling without slipping v = ra hence

=" where r is the radius of the sphere
r

2 >

Also I=—=mr-

5. 0. 9 & o
—mU” + =X —mr°x — =mg(2.4)- mg(l)
2 2 r:
= v=443m/s
After point N. the sphere takes a parabolic path. Considering
the motion of sphere in vertical direction
u =0, s =lma =98 m/s’
: l
Using s =u t+ Sa.r”

1=491° = 1= —I—=0.45 SeC

V4.9
In horizontal direction, the velocity of sphere remains constant.
Hence x=vx1=443x045=2m
Considering bar + particle as system and applying conservation
of linear momentum just before and just after collision
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<z

‘ -
»
m'.l_.' _ =
t = T ’,:
me—p------ v
1':=ﬁ|‘|'Ul~. B

m :-f.l +m_ XV =M+m «m .

where VoIS the xclm":uy of center of mass of the bar and par-
ticles ilILkl.'.'d on it after collision

0.08 x 10+ 0.08x6=(0.16+0.08+0.08) .
= V.= 4 m/s
Imtial kinetic energy of system will be only translator nature.

I s

KIHIHJI = E’"Iul- s E m: UE
| 2, | > .
=;{1ﬂ8xI0'+Ex0108x6‘=5.44] (1)
.. Translational Kinetic energy after collision
I 2 ;s
K iamiatory = 5 (M +m+ my)vg =256 (11)

-

Now applying conservation of angular momentum of the bar
and two particle system about the center of the bar. Since
external torque is zero, the initial angular momentum should
be equal to final angular momentum.

Imuial angular momentum L. =m VX —mvx

inihal
=0.08x10x0.5-0.08x6x0.5
=0.4-024=0.16 kg m's ' (in clockwise direction)
Final angular momentum L =lo
M :]
Le o= +mxT+myxT @
[(0.16)(v3)° ~.
i "I’;‘/" . xﬂ.ﬂﬂx(ﬂ.ﬁl‘]wzﬂ.{}ﬂm
0.08w=0.16 = w=2rad/s (111)
The rotational kinetic energy
| B -
K otanon = 510" =-=0.08x2"=0.16] (111)
The final kinetic energy
Kﬁml = Ktumlmmnﬂ i) Krmmnml
=256+0.16=2.72] (1v)

The change is K.E. = Initial K.E. - Final K.E.
=544-272=272)

The below figure shows the forces acting on the carpet in two
cases:

i. when the radius of the roll is R

ii. when the radius is R/2
Mass of the roll of radius R/2 = M/4
(Mass is proportional to the area of cross section)
The mass of the part of the carpet spread on the floor = (3/4) M.
There has to be a frictional force that is too static in nature on
the carpet once it starts unrolling. Otherwise. why should the
centre of mass of the system (carpet of mass m) move towards
the right? Is such an unrolling possible on a smooth surface”?
Does the centre of mass of the system (M) move in the vertical
direction? If yes, why?
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5.

Here, Wf = (), WH =()
Therefore, W = 0.

mf

The mechanical energy of the system will remain constant. The
part of the carpet spread on the ground will have neither kinetic
energy nor potential energy.

Therefore, MgR = (%R(g)*%(ﬁi)‘ +%(_:]!_{\f g))a’:

(Y
1 M RV (‘em Y
= 8M3R=Ert'!-t+—llf_>M[2)(a':‘E-
(.:'I\-‘=§m’

7 . T o _J14
= RMSR-BM‘{M:'CM'\}gR
[f the body rolls down the inclined plane. The friction should
be static and acts in upward direction. Let a be the linear accel-

eration of centre of mass and a be the angular acceleration of
the body.

mg cos 8§

From force diagram:
for linear motion parallel to the plane
mg sin @~ f= ma
for rotation around the axis through centre of mass net torque
=la
= fR=mk«a
As there 1s no slipping. the point of contact of the body with
plane 1s instantaneously at rest.
= v=Rwanda = Ra
Solve the following three equations for @ and f:
mg sin @ - f=ma

fR=mka
a=Ra
- sin ? aisdf = me ﬁ-ln‘t‘?
K= R-
1+ — |+
R- k-

We can also derive the condition for pure rolling (rolling with-
out slipping):
to avoid shpping, f< u N

i ? Su mgcos® = u 2 = a,
- R.
L L=
k-.- ku.

This is the condition on so that the body rolls without slipping.
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6. Let us take rod and insect as a system. There is not external

impulse acting on the system. Hence we can apply conserva-
tion of angular momentum just before and just after collision
about the point O.

¢

L,-

| . K

A B
9 L4
1
& L >

Angular momentum of the system before collision = angular
momentum of the system after collision.

le'x£=.'m
4

Where / 1s the moment of inertia of the system just after colli-
sion and @ 1s the angular velocity just after collision.

e

- ko) Lo

4 12
b 11 .
L anrsal ME [1+1]m:,wf_ [.+4}u
2 4 |4 3 4 L 12
ML® 7 12 iy
= x XW=>>00=—X—
4 12 7 A

Ininially the rod was in equilibrium. But after collision there
1s an extra mass M of the insect which creates a torque in the
clockwise direction, which tries to create angular acceleration
in the rod. But the same is compensated by the movement of
insect towards B due to which moment of inertia of the system
Increases.

Let at any instant of time r the insect be at a distance x from
the center of the rod and the rod has wrned through an angle
8 (= ax) w.r.tits original position, /.

M
- rk‘mg
1 Fepa B |
® 0 9=
oW N
B8
 ;
.if_;i-
d dl
Torque actingonrod 1= =—(lw)=w—
9 8 dt di dr
=m£ i;if!,:+JH.n-:]=2ﬂ!tu.rﬁ (1)
dr| 12 J dr

This torque 1s balanced by the torque due to weight of insect t
= Force x Perpendicular distance of force with axis of rotation

= Mg X(OM)=Mg x xcos 6 (1)
From (1) and (i1)
ZMm.rgi =Mg x xcos 6
di

— dx = [ B Jcnx widi
2
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On integration taking limits

2 by ¥
L“ d.l'——'ga-fﬂ ml‘:{lﬁ wedr ; Whl'.'ﬂ.l.':-z,{m':ﬂ

LR PR [V
[x)!): = —g-[-iin t]7*” when x = L or==
14 zm: . 0 ) 2 ’ 2
— .{‘__i!'_:-i,,-,::;infr-smﬂ}:&-é:—-'g—;
2 4 2w 2 4 2w
= ) = 2_!.’
L
2V 2¢ 7
But w= IZV_.-] E= . T L 2eL
1L 1L L 12
= Vzl\/z:-clﬁxlﬁ:}.ﬁms !
12
7. a. i. First Method: Force/Torque Method:
Force equation for the block is as follows:
N-5cos30°=0 (1)
5sin30°-T=05x%xa (11)
N
¥
TROP 5 cos 30°
- [
SN Ymg
Torque equation for the drum,
TR = (1 MR)
= T=2MRa=1x2x02a=7T=02a (iii)

Here, a = Ra (The string does not slip on the drum)

Thus 7=(0.2)(5)=02(g%5)=1xa (iv)

From Eqgs. (i1) and (iv), we get

a:EWL_T:gN

3 3

Second Method: Using the equation T = dL/dr

Take both block X and drum Y as a system,

Torque acting on the system about the centre of mass of the
drum = (mg sin 30°)R, anticlockwise. Angular momentum of
the system about the centre of mass of the drum.

L=mvR + ':_l,'MRIm

= m(ROR + MR 0

= (mR: + %MR: .}m. clockwise

Get More Learning Materials Here : &

=

Apply equauon 1= ’i‘f

—mgR sin 30° = j; \mRw - f.lfﬁ"m!

" 2 4 oup 1 G0
-[mR‘-:i-fR‘!df

dw —mgR sin 30°
dr > :
F (mR‘ + Mf:]
do' mgR sin 30°
= —p ~
( dr )Inllcln.'kunt (mR: e M_.FJ

—

(@ has been taken in the clockwise sense, davdr is negative. So,
daydt is in the anticlockwise sense.)

Clearly, r=/a TR = I(‘w

dt ) antic loc kwise

. ano
mg sin 30 )=5f'3N

= T:(%M}( m+‘¥

b. i. First Method:

Angular velocity of Y = 10 rad/s

Velocity of block X = Rw=02x 10 =2 m/s, along the plane

upwards

Acceleration of X = 5/3 nvs® along the plane downwards

Using equation v* = &’ - 2as,
0’=(2)-2x53xs=s=3%Xd _ .25 m

2x$5
Second Method:
You can also calculate the distance X moving upwards from the
energy considerations:

LTI T I T

W+ W_‘+ W} + WH;=K2_K1
0 - (mg sin 9‘15+U+0=(Jimr1+ %Iaf)

=  (mgsinf)s= % mv- + 2—};1‘

oo ml+lef

0.5 (27 + Lx2x(02)x(10)
= = = 1.2m

Exﬂjxlﬁx%

Third Method: By Mechanical Energy Conservation

Here, the only force which does work on the system mg, the
algebraic work done by other forces is zero, is conservative
in nature; therefore, the mechanical energy of the system will
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remain constant. Let the distance moved by the block X along
the plane be s.

Gain in gravitational potential energy of X = mgs sin 6.

LLoss in the kinetic energy of the block and the drum is

} o2 o) i .
3 My, + 5 [, (v =@r)

l

. I : .
Thus, mgs sin 8= 3 my, + 5 I

HH + fm

§ =
2 mg sin @

After substituting the given values. s = 1.02 m.
Considering rods A and B and object as system. Imtially no
torque was acting as the system.

=)
* A P |
et o | m
m, |lA ; '.'
zf | , _.l
My B :
v i
e : s
m ban da o8- 45
dl.
Since r=— and =0
di
The angular momentum just before and just after collision
should be conserved.
= L = constant.

Angular momentum just before collision = (mv) x 2!
Angular momentum after collision = /o (ii)
where / is the moment of inertia of the system after collision
about P and w is the angular velocity of the system.

M.1. about P, [, =M.L of mass m + M.1 of rod m _+ M.1. of rod

m
B

(1)

.ff__=»"l+.’:~l-i'1

ML of mass m !I =m2

Ml ofrodm I = m_*(

M.IL nl'rodm‘ I = mﬂ[

Iy

—

4 4

b a4
dml*+—m 1" + -

-
ml ]-(} 09 kg-m”
L 3

From(i)and (1) lfw=muv x 2l
mu x 2 (]ﬁ‘i:ﬁux2x06
[ 0.09

Applying conservation of mechanical energy just before and
st atter collision. Loss of K.E. = Gain in P.E.

3

= =().67v

—

| I
—ffu =mg(2l)+ m{{—

3 ]g+ mﬂg[

=

-i* «0.09 x(0.67v)"
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=[I),05:~: 2+001x % +0.02 x %]}-:9.3 x 0.6

v=6.3m/s

Let the ininal position of center of mass of the cylinder be O.
While rolling down off the edge, let the cylinder be at such a
position that 1ts center of mass is at a position O’. As the cylin-
der 1s rolling. the ¢c.m. rotates in a circular path. The centripetal
force required for the circular motion is given by the equation.

—

s
m I.J[-

mgcos@ - N =

R

Where N is the normal reaction and m is the mass of cylinder.
If the cylinder leaves the edge N =0

my?

.1

il

= Cos 0 = o
Rg

Applying conservation of mechanical energy from O 10 O'.

Loss of potential energy of cylinder = Gain in translation

Kinetic energy + Gain in rotational kinetic energy.

mg cos 8 = (1)

£ I T

mgh = %mrﬁ- - %Hﬂz

(i1)

where / 1s the moment of inertia of the cylinder about its axis
of rotation passing through O’, @ is the angular speed, v.1s the
velocity of its center of mass.

For rolling v_= wR = o= 3;» (iii)
From (ii) and (iii), we get
| ik (I } v:
mgh--mr - X —<
2 27\2 R*
1 , 15, 3, . A4gh
= gh—-iv{+v5-1{_“-z V= 3
» 4
L'E~=?3-R{1—C059] (V)
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10.

From (1) and (v) we get

4
cns&z—ﬂll -Cc0s@)=3cos@=4-4cos@
3Re
4
= cos 8 = —
-

(b) Speed of center of mass of cylinder before leaving contact

with edge
ol s ar,, ik
3 7 7 7

(¢) Before the cylinder's center of mass reaches the hori-
zontal line of the edge, it leaves contact with the edge as

8 =cos £ i]
3

Therefore the rotational KE, which the cylinder gains at the
time of leaving contact with the edge remains the same in its
further motion. Thereafter, the cylinder gains translation K.E.
Again applying energy conservation from O to the point where
center of mass is in horizontal line with edge

From (v) v} =

- . . = e

e i

PRI r \2
mgR = -2-Im + Em{pc.}
] l : 43 | Y.
HI'.ER=EK_—2-"IR ){( TR] + E'"“"C}
| 4gR
= ‘J— = !.__I_
R R
= mgR — m_;’g Translational K E. = 6ng
Also rotational KE = % o= ___mgﬁ
Translational KE -
Rotational KE

FBD of the disc.
When the disc is projected it starts sliding and hence there
1s a relauve motion between the points of contact. Therefore

frictional force acts on the disc in the direction opposite to the
motion.

a. Now for translational motion

f

m

l&hﬁ.."l'l'l- =

/= UN (as 1t shdes) = umg
= a _ =-ug. negative sign indicates that a_is
opposite 10 v

cm

Get More Learning Materials Here : &

11.

C.

<z

— vcm” = t'n - ‘,I.l‘gll‘{|+
R (T L :
= lﬂ = _° . Where \ =\ (1)
o -
Mg ?
For rotational motion about centre
T+7 =1 ««
I mg cm
e
= umgr = Q
2 .
- P | (ii)

=+ 2pg;ﬂ.u*~:mgm m + g

Therefore @,
r

My, =y
= i 200 =) (iii)
r
using (1), Vo = @ = v=2v —v)using (iii)
— V= g “u
3

Putting the value of v in Eq. (i). we get

Work done by the frictional force is equal to change in KE

I 1 mr? \( 2ugt ol
- = : ——mvi
_zm(vﬂ ugt) +1[ > J( J zmvn

Fa r

friction

For time 1 > r» work done by the friction is zero.
Therefore, for longer time total work done is the same as
that in part (¢)

= W:-mré!ﬁ

FBD of the object with respect to truck.
In the reference frame of truck it
experiences a pseudoforce

F = <2mai

where a = acceleration of the
truck. 2mg
Pseudoforce does not provide

lorque about the centre of the disc. Because of this force,
object has tendency to slide along -ve x-axis. Hence
frictional force will act along +ve x-axis.

For translational motion

side view

2ma - f = 2ma’ (1)

Here, a" = acceleration of the centre of mass of the object.
For rotational motion, fR = I

For no slipping, a R

Hence, fR = 1("'3‘}

b a’ =_
- (1)
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From Eqs. (1) and (11) we get f = %mal

Therefore, force of friction on each disc is

f ma-

~=—i=6i N
2 3
l 2
T*—-—*H *——-I-Fl
L.,
Fy = r
b. f="5]
3

R=-lj-Rk=1, =7 x]

= ~(1j +Rk) x—??
maR -~ mal

= —— j+—k

3 3
=—6x0.1j+6x0.1 k

= —0.6j + 0.6k

¢. Maximum value of frictional force is 2umg

=3 Emﬂzpmgnpzi
3 38

12. a. (i) The collision between sphere and wedge is elastic. As the
sphere is fixed, hence the wedge will return with velocity

VI .
. vy Ll- Finally
‘ -vi |
X <4— [nually

F sin 30°

Now, linear impulse in x-direction
= change in momentum in x-direction.
(F cos 30°)Ar = mv — (—mv) = 2mv

Fe 2mv  4mv
Ar cos 30° Jia:
4myv

B

—

F =(F cos 30°)i - (F sin 30°)k

()2
Al 3As
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(11) Now consider the equilibrium of wedge in vertical
direction.

f
 J
F sin 30°

During collision.
N =mg + F sin 30°

2my

=mg + 75;

or in vector form N =(mg+ £ JIE

J3Ar

b. For rotational equilibrium of wedge about its (CM),
anticlockwise torque of F = clockwise torque due to N

~. Magnitude of torque of N about center of mass =
magnitude of torque of F about center of mass = F - h

It r-(T—4 A ]h
N 31_"1.1'
13. During the fall, the disc-mass system gains rotational kinetic
energy. This 1s at the expense of potential energy.

Reference
level of PE

Applying conservation of mechanical energy, we get
[nital total energy = Final total energy

mg(ER+2£)+mg(R+lR)=ng+%faf

4 4
where [ = MI of the disc-mass system about PQ
=mg+1%R+mgﬁf=ng+!;af
= 3mgR=1ilu
6mgR .
= o=\, (1)

(Dpy =y Jpo* ()

disc” PQ PQ
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14.

2 2 SR\
=7 em(§) o m(3H)
[Therefore, MI of disc about the diameter = (1/4) MR’

mR*[4 + | + 25] 15mR"

6mgR x 8 r__£
= =
From Egs. (i) and (ii), \ 1SmR? \ SR
Let v be the velocity of mass m at the lowest point of rotation
v=(R+ 3]
168 SR —
=\sk X = Vs

Analysis of the dmrcnnn of friction force ( f )

The man applies a force F in the horizontal direction on the
plank as shown in the figure. Therefore, the point of contact
of the plank with the cylinder will try to move towards the right.
Therefore, the friction force f will act towards the left on the plank.

I
To each and every action, there is an equal and opposite reaction.
Therefore, a frictional force f will act on the top of the cylinder
towards the right. Direction of f:

For finding the direction of f” first assume f” is not acting.

A force fis acting on the cylinder. This force is trying to move
the point of contact towards right by an acceleration a.,=fim
acting towards the right.

At the same time, the force fis trying to rotate the cylinder about
Its centre of mass in the clockwise direction.

B,
fxR=Ixa= a=f):,R lfo m"f;

;m R
Therefore, acceleration of the point of cnnl;acl

a=a_ -oaR= f— Zf KR=“L

P M m

1.e., towards the left.

Therefore, the point of contact of the cylinder with the ground
moves towards the left. Therefore, friction force acts towards
the nght on the cylinder.

l I ml

R-

1

-

Here K*<Rx as K=
and Rx=R-R=F°
Hence, friction should act in forward direction.

Applying Newton's law on the plank. we get

F-f=ma, (1)

Also a =Ea| * ()
because a, 1s the acceleration of the topmost point of the cylinder
and there is no slipping. Applying Newton's law on the cylinder

ma, =f+f' (i11)
The torque equation for the cylinder is
fXR-f xR=la=3mR x(4)
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/= m1R: and Ra = a

(f-f R = '!.' mani

A =*!;mlﬁ‘ﬂl (iv)
Solving Egs. (i) and (iv), we get f = :‘:' ma (v)
and f'= ‘% ma (Vi)

From Eqs. (i) and (i), F - f = ma
3

— F:}imu =2m.a
il
4F
=3 n +3m
BF :

2= 3!HI +8m_
From Eqgs. (v) and (vi). we get
3 4F 3_!*'1'”1

f=gmX 3m +8m 3m ~ 8m_
1 _H"rnl
fnd S migmxa s Im + 8m,

a. If we take rod and particle as a system. the impulse
between them will be internal. We can conserve the linear
momentum of rod + particle’s system. Let V and @ be the
velocity and angular velocity of the CM just after colli-
sion.

Using conservation of linear momentum, we have

mv =0+ M1 (1)
Here in lhh case we can conserve angular momentum
about any point on the rod.
And by conservation of angular momentum about the entire
of mass of the rod, we get

L

mv_ = =[lwor mv =
02 2o

X (ii)

m: 6"”’.1
From Eqgs. (1) and (n). M ..U and @ = m

We can apply conservation of angular momentum about
point of collision.

L

—

=

imitial final

" £
0= JUIH(—kH‘MVu ;lﬂ'l‘

ML My L
——— m —
12 2
which gives WL = 6v (i)

Solving Egs. (i) and (iii). we get the same results.
Since collision is completely elastic. therefore KE before
collision is equal 1o KE after collision

or ‘.l,' mr-_ + (0 = i';m-f + :& lar
e Ml Emn'u
or '.l;l'ﬂl -.,M( +-J.3' '1: ML“)
n _]_ 'l'”
which gives I} 4 an = ?l_
@R www.studentbro.in
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Alternative method: We can apply coefficient of restitution
equation at the positon of point of collision, we have

V-p"_pl
e=|—=

Here . u,v and v, arethe velocities of particles and point
on the rod at cnll:smn point.

u =v, uz-ﬂ

wl
=0 and v, =v, +T

As collision in elastic e = |.
Substituting the values in restitution equation, we get

which gives = =-l—
M

Velocity of point P immediately after collision is zero, let
it be at a distance y from CM

v -y = =0 or —2 0

M ' ML

=0

mv 6mv )

which gives y =

Angle rotated by the rod at time 13:_{_,
L]

. 6m1'ﬂ ) JIL _IE

ML 31 — 2

The rod turns through 772 in this interval of time. The
velocity of point P in y-direction will be

9
W = =

ﬁrm) L v
6 4

r — ﬂhl —(

The resultant velocity of point P,

v=-\-‘v: v-'\‘( )+( )

2*-"2

s T
i

16.

17.
a.

Let x be the distance of center of mass from AB.

05m

_L | ocum

Moment of inertia of the laminar sheet about an axis passing
through center of mass and parallel to AB = 1.2 kg m*

L,=1_+ Mx’ (i)
Impulse =M v —(-v)=M, +v)
6=M WX + mlx=M.r{m:+mIJ (11)

where @ and @, are the angular velocities of the sheet before
and after the collision with obstacle.
Impulsive torque = -6 X 0.5 = L-L

L;=f"r+3
“‘. - L)= 3
:'_*B w - t-m:l =3=$ fﬁﬂ{ml -~ w:} =3 (111)

From equations (ii) and (iii), /5= g

’Aﬂz—?—l 1+M.I
30 - 15x+ 1.2=0

1519:0'4{“0""1

X =

a. Substituting x = 0.4 m in equation (1)
6=30004)w_ + 1)
w, = —0.5 (this is not possible)
The laminar sheet turns back after collision
x=0.1m
The center of mass is at a distance 0.1 m from AB.
b. Substituting x = 0.1m in equation (ii)
6= 30(0.]]{{11' + 1)
Angular velocity of laminar sheet after collision = | rad/s
This 1s possible if collision 1s elastic.
¢. Since there 1s no change in kinetic energy, it continues
(o move, i.¢.. it makes infinite number of impacts on the
obstacles. The laminar sheet will never come 10 rest.

The centre of mass of the system is at the centroid of a tri-
angular assembly. The CM moves along a circular path with
constant angular velocity. Therefore, there must be a horizontal

centripetal force directed towards the axis at the hinge.
From figure (a), we find

I3
2

AD = [sin6)° =
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. o !
The centripetal acceleration a =w'r= m-l —
V3

. - l
Tangential acceleration a =or= c{ TJ
3

F‘T A'

(a) (b)

b. Let# and F be the forces applied by the hinges along x-axis and
v-axis, respectively. The system is in non-centroidal rotation. The
three equations of motion are

EFI=F‘+F={3mmr= Im (:’;ﬂ) (1)

IF =F =3m (:(’;] o (ii)

ir= Fx(}%!)=2u1f“a (111)
From Eq. (ili), a = ii—f

. _a (L V., YIF _3F
From Eq. (1), F‘ﬂi-.':'-..hmr(%.3 a]x Al = 4

= F'=E

From Eq. (i), F = xgrm'm:

18. We know that 1 = ‘—:;:— = TXdr=dL
when angular impulse (t x df) is zero. the angular momentum
Is constant. In this case for the wooden log-bullet system, the
angular impulse about O is constant.
Therefore,
langular momentum of the system|]
of the system,] -
= muxL=fhxm (1)
where / is the moment of inertia of the wooden log-bullet
system after collision about O

= |angular momentum

inikial

i ) 5 =
lo= I yooscatog + louiicr = 3 ML + ML* (ii)
From (1) and (i) w=-l bl —
LME+ML~‘]
mu 1mu

= = = = '
Pﬁ_ +’”LJ (M +3m)L

19. Applying Fnﬂ = ma n X-direction

mg sin 8 - f= ma (1)
The torque about O will be
I=fxR=la (11)
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As the case is of rolling therefore

a=0R = ﬂ=£ (11)

. I
From (ii) and (iii) f = I;i
Substituting this value in (i) we gel

. a
mgsin @ - — = ma

sin @ S| 2
- g Mes _ _mgsin 31 5 450
! | mR* 3
m+— g i
2 R?

R-

[-.-r = %mR: for solid ::ylinclcr]

20. The various forces acting on the ladders are shown in the
figure. Since the system is in equilibrium, therefore I.*""r =0
=>Mg+mg+Mg=N+N

&
NA £ i '; ‘Eg
A I f
- N={2M:mjg ()

-

Considering the rotational equilibrium of one ladder as shown
tn the figure. Calculating torques about P

R “P
II .\;,—9 mgeg

]

I
i []
. A
]

'
i

Mg xXP+[fxPM=NxOpP

Mg x %cusﬂ+fosin9=NLt:u56

NL cos 8 - el cos 8 M
= f= —— =Ncot@-—2cot8
Lsin@ 2
<z
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= f =[( ZN;mJg - —M,%qut t

F=ﬂ:,—p-x{ﬂrm}=nx(2mr)xax£ ()
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From (i) and (ii)
= f=[(M+m)§]cmﬂ

ngg=n K{va}xaxgxi—b
21. Since the plate is held horizontal, therefore net torque acting on N - 3% 2
the plate is zero. | 3x10=100x2x0.01 x v x| x 4"
b 3b .
ng-i-*-FxT (1) = v=10m/s
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